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Introduction. To search for effective methods of finishing and stripping of long-length parts, it is advisable to create a 
rotary-screw process system of a pass-through type. Its main working element is a screw rotor, which is a combination 
of flat elements of various shapes and sizes, multidirectional with respect to the helical lines around the perimeter. The 
purpose of this study is to justify the intensity of the machining process in devices equipped with a screw rotor. 
Materials and Methods. Metal removal is accepted as the main parameter determining the intensity of the machining 
process in screw rotors. Within the framework of the presented study, processing was performed on an experimental 
rotary-screw installation. The processing medium consisted of molded abrasive pellets of the PT 10x10 brand. The 
research conditions were as follows: loading volume (without part) — 60 %; rotor speed — 50 rpm; processing time — 
30, 60, 90 min; rotor axis tilt angles — 0° and 5°. The influence of treatment modes and conditions on the process 
intensity was considered on plate samples with dimensions of 80x10x1 mm made of aluminum alloy DI6T. To 
determine metal removal, the samples were weighed on Ohaus AX223 analytical balance before and after processing. 
Results. The patterns of metal removal from samples at different processing times, the location of samples in the 
working area of a screw rotor with different angles of inclination, and its speed are presented. 

Discussion and Conclusions. The regularities established in the course of research indicate the efficiency of rotary- 
screw process systems for solving problems on the finishing treatment of long-length parts. The main factors that 
control such processing in devices with a screw rotor and affect its intensity (and, as a consequence, the process 


performance) are the screw rotor speed, the shape of the perimeter, and the axis angle. 
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Introduction. Finding efficient ways of finishing and cleaning long parts [1-6] predetermined the creation of a 





rotary-screw through-flow process system to solve this problem (Fig. 1) [7-15] "”. 


' Babichev AP, Babichev IA, Serga GV. Device for vibration processing of long parts. RF Patent no. 2228252, 2004. (In Russ.) 
* Lebedev VA, Al-Obaidi LMR, Koval NS, et al. Unit for finishing and cleaning of long parts. RF Patent no. 2750922, 2021. (In Russ.) 
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Fig. 1. Process flowchart of finishing and cleaning long parts in a screw rotor: 
1 — mounting frame, 2 —lugs, 3 — adjusting screws, 4 — engine, 5 — sump tank, 6 — drive shafts, 7 — roller bearings, 
8 — shells, 9 — rollers, 10 — rims, 11 — screw rotor, 12 — gasket, 13 — slotted gasket, 14 — piping system, 15 — part, 
16 — processing medium, 17 — container 
The main working element of this type of process system is a screw rotor. Its perimeter is made in the form of 
a combination of flat elements of various shapes and sizes, multidirectional with respect to the helical lines on their 
outer surface. The processing granular medium is located inside the rotating screw rotor. Being carried away by flat 
elements, at a certain moment, under the influence of gravity, it avalanches downwards. At the same time, the upper 
layers of the loading masses rotate around their own axes, drawing in nearby layers of particles of the loading masses. 
As a result, the particles of the loading masses roll relative to each other. In addition, when an avalanche rolls down the 
uneven surface of the underlying layers, small force strikes and sliding of the particles of the loading masses occur. 
Thus, the part is processed by abrasion, scratching, and, to a small extent, by blows. The technological effect of 
processing depends on the dimensions of the screw rotor, the particle masses of the processing medium, the filling 
factor of the working chamber, the speed of rotation, the geometry of the screw rotor, and a number of other factors. 
The objective of the presented study is to justify the intensity of the machining process in devices equipped with a 
screw rotor. 
Materials and Methods. Metal removal is accepted as the main parameter determining the intensity of the 
machining process in screw rotors. 
For processing, an experimental rotary-screw installation, made on the basis of a 1K625 model screw-cutting 


machine, was used (Fig. 2). 





Fig. 2. General view of the experimental rotary-screw installation 
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The processing medium consisted of molded abrasive pellets of the PT 10x10 brand. The research conditions were as 
follows: 

— loading volume (without parts) — 60 %, 

— rotor speed — 50 rpm, 

— processing time — 30, 60, 90 min, 

— rotor axis tilt angles — 0° and 5°. 

The effect of processing modes and conditions on the process intensity was considered on plate samples with 
dimensions of 80101 mm made of aluminum alloy D16T. Blanks in the form of long-length rolled products are made 
of this material, requiring finishing and cleaning before going into production. 

In the working area of the experimental screw rotor, three sections 4, B, C (Fig. 3), remote from the left end of 


the screw rotor at distances I) l, lz, were determined along the length of the working area. 




















Fig. 3. Diagram of the installation of samples on the mandrel in the rotor: 
1 — samples; 2 — mandrel; 3 — lathe toolholders 


The samples were fixed on a long four-sided hollow rod and installed according to the scheme shown in 
Figure 3. Distances l) 1, 1, correspond to the position of the sections of the rotor working area. To assess the nature of 
the impact of the processing medium on the various surfaces of the mandrel, 4 samples were processed in each position 
(section). They were fixed on the edges of the mandrel in such a way that samples | and 2 were in the zone of active 


exposure to the processing medium (with a sliding layer), and samples 3 and 4 were in the passive zone (Fig. 4). 








Fig. 4. Layout of samples on the mandrel in cross section: 
1, 2, 3, 4 — samples; 5 — screw rotor; 6 — processing medium 


The mandrel with samples was installed in the lathe toolholders and inserted into the working area of the screw 


rotor for processing. 
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To determine the mass removal of metal, samples were weighed on Ohaus AX223 analytical balance before 
and after processing. This model is designed for static measurements of the mass of substances and materials accurate to 
0.001 g. Metal removal was controlled after thorough washing and drying of the samples. 

The rate of metal removal from a unit surface area equal to the area of the square packing granules of the 


processing medium was determined from the ratio: 


Vya = St 





, 2/S, 


where AQ — metal removal from the surface, g; t — processing time, s; S — area of the processed surface of the 
samples, mm’; Syn — square packing granules of the processing medium, mm’. 

The processing duration was recorded using a time relay (timer) of VL-45UHL41 model. 

The experimental results were determined as the arithmetic mean difference of the corresponding measurement 
values of the samples or batch of samples before and after processing. 

Research Results. Figures 5—7 show the results of experimental studies on the intensity of the processing in a 


screw rotor. 
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Fig. 5. Change in material removal from D16T samples depending on the 
processing time and the location of the samples on the mandrel: 
a) with an angle of inclination of 0°; b) with an angle of inclination of 5° 
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Fig. 6. Change in material removal from D16T samples depending on 
their location in the working area of the screw rotor (in 90 min): 
a) with an angle of inclination of 0°; 5) with an angle of inclination of 5° 
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Fig. 7. Change in specific metal removal from D16T samples depending 
on their location on the mandrel (in 90 min): 
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Puc. 8. Change in metal removal from D16T samples depending on the loading of the screw rotor working area by processing 
medium and the rotation speed (in 30 min) 


Discussion and Conclusions. The research results allow us to make a number of statements. 

1. The form of the curve describing the change in the amount of metal removal from the surface on the 
processing time is close to linear (Fig. 5). This does not depend on the location of the samples in the working area of the 
screw rotor, its design, and the angle of inclination relative to the axis of rotation. 

2. The kinetics of particle motion and, as a consequence, the intensity of metal removal in various sections of 
the working area of the screw rotor are determined by the angle of inclination of the plates that create the shape of the 
working sections of the rotor. With their identical shape (Fig. 3), almost the same processing intensity is provided. The 
difference in the amount of removal in three sections was 3 %. 

3. Processing intensity (Fig. 5—7) depends on the position of the surface of the samples in relation to the 
direction of motion of the granules of the sliding layer (Fig. 4). Two cases of metal removal were compared; first— 
from samples | and 2 installed in the active zone of the processing medium; second — from samples 3 and 4 installed 
in a passive zone characterized by weak energy-force interaction with the treated surface. In the first case, the metal 
consumption is twice as high. 

4. Changing the angle of inclination of the screw rotor axis relative to the axis of its rotation increases the 
intensity of sample processing in the middle section (B—B) by 1.2 times and reduces it in the working areas of the end 
sections (Fig. 5—7). This is due to a change in the kinematics of the medium motion in the working area of the screw 
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rotor. With every full turn, the processing medium tends to move to the middle part of the rotor working area 
(section B—B). This provides: 

— constancy of the media volume pressure on the samples; 

— activation of shock-pulse action of the processing medium granules on the surface of samples. 

In addition, when the angle of inclination of the screw rotor axis changes, the axial pressure of the processing 
medium on the end walls decreases. This is very important for pass-through type installations, because this prevents the 
granules from spilling out of the holes designed for the passage of long parts through the working area. 

5. The rotation speed of the screw rotor is an important technology factor that determines the processing 
intensity in a rotary-screw installation. It can be seen from Figure 8 that with different loading degrees, the amount of 
material removal from all samples increases with an increase in the rotation speed of the screw rotor up to 50 rpm. 
When the speed increases to 70 rpm, the indicator decreases. This is due to the increased centrifugal forces. Their action 
causes a certain volume of particles of the processing medium to remain permanently at the rotor walls. As a result, the 
number of sliding layers of the medium is reduced, and, consequently, the intensity of the impact on the surface of the 
samples 1s reduced. 

The regularities and technological capabilities of the processing in a screw rotor established in the course of 
research indicate the acceptability and efficiency of the rotary-screw process systems for solving problems related to the 
finishing processing of long-length parts. 

In the conducted study, the key factors considered were the rotation speed of the screw rotor, the angle of 
inclination of its axis, and the shape of the perimeter. They provide finishing control in devices with a screw rotor, 
affect its intensity, and hence, the process performance. 


References 

1. Babichev AP, Motrenko PD, Gillespi LK, et al. Primenenie vibratsionnykh tekhnologii na operatstyakh 
otdelochno-zachistnoi obrabotki detalei. Rostov-on-Don: DSTU Publ. Centre; 2010. 285 p. (In Russ.) 

2. Babichev AP, Babichev IA. Osnovy vibratsionnoi tekhnologii. 2nd revised and enlarged ed. Rostov-on-Don: 
DSTU Publ. Centre; 2008. 693 p. (In Russ.) 

3. Butenko VI. Finishnaya obrabotka poverkhnostei detalei: sposoby, ustroistva, instrumenty. Rostov-on-Don: 
DSTU Publ. Centre; 2016. 219 p. (In Russ.) 

4. Tamarkin MA, Tishchenko EE, Shvedova AS. Optimization of Dynamic Surface Plastic Deformation in 
Machining. Russian Engineering Research. 2018;38:726—727. http://dx.do1.org/10.3103/S1068798X 18090277 

5. Tamarkin MA, Tishchenko EE. Osnovy optimizatsii protsessov obrabotki detale1 svobodnym abrazivom. 
Saarboniken: Lambert Academic Publishing; 2015. 140 p. (In Russ.) 

6. Li Xin, Peng Gaoliang, Li Zhe. Prediction of seal wear with thermal structural coupled finite element 
method. Finite Elements in Analysis and Design. 2014;83:10—21. http://dx.doi.org/10.1016/j.finel.2014.01.001 

7. Taratuta VD, Belokur KA, Serga GV. Rotary screw technology systems for combine harvesters. Proceedings 
of the Kuban State Agrarian University. 2015;57:197—206. 

8. Pesin MV. Improving the Reliability of Threaded Pipe Joints. Russian Engineering Research. 2012;32:210— 


212. http://dx.do1.org/10.3103/S 1068798X 12020232 
9. Macdonald KA, Bjune JV. Failure analysis of drillstrings. Engineering Failure Analysis. 2007;14:1641-— 


1666. http://dx.do1.org/10.1016/j.engfailanal.2006. 11.073 

10. Xiao-Hua Zhu, Yu Wang, Hua Tong. The parameter sensibility analysis for fishing box tap based on the 
overall process of elastoplasticity in oil and gas wells. Mathematical and Computer Modeling. 2013;58:1540—1547. 
http://dx.doi.org/10.1016/j.mcm.2013.06.004 

11. Fares Y, Chaussumier M, Daidié A, et al. Determining the life cycle of bolts using a local approach and the 
Dang Van _ criterion. Fatigue & Fractureof Engineering Materials & Structures. 2006;29:588—596. 
http://dx.doi.org/10.1111/j.1460—2695.2006.01029.x 

12. Serga GV, Seryy DG, Marchenko AYu. Investigation of physical phenomena occurred in contact area of 
bulk particles at their motion in screw drums by methods of similarity theory, engineering and computer graphics. 
Vestnik Bryanskogo gosudarstvennogo tekhnicheskogo universiteta. 2019;79:20-28. 
http://dx.do1.org/10.30987/article 5d10851f18f085.56011612 

13. Serga GV, Lebedev VA, Belokur KA, et al. Increased productivity of technological systems for finishing 
and strengthening parts based on using screw rotors. Strengthening Technologies and Coatings. 2016;136:16-19. 

14. Lebedev VA, Serga GV, Chaava MM, et al. The study of fine-cleaning treatment for removal of burrs in 
screw rotor. IOP Conference Series: Materials Science and Engineering this link is disabled. 2021;1029:012001. 


http://dx.do1.org/10.1088/1757-899X/1029/1/012001 


Lebedey V. A., et al. The finishing and cleaning of long parts in screw rotors 





15. Lebedev VA, Serga GV, Chaava MM. Method of Calculating the Machines Drive with Screw Working 
Bodies Mounted from Tetrahedral Hollows. ICIE 2021: Proceedings of the 6th International Conference on Industrial 
Engineering (ICIE 2020). 2021. P. 557-563. http://dx.do1.org/10.1007/978—3—030—54814—8 64 


Received 29.12.2021 
Revised 24.01.2022 
Accepted 25.01.2022 


About the Authors: 
Lebedev, Valery A., professor of the Mechanical Engineering Department, Don State Technical University 
(1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand.Sci. (Eng.), professor, ResearcherID, ScopusID, ORCID, 


va.lebidev@yandex.ru 


Al-Obaidi Luay Mohammed Rajab, postgraduate student of the Mechanical Engineering Department, Don 
State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), lecturer, Middle Technical University, 
Institute of Technology-Baghdad (Muasker Al Rashid Street, Baghdad, Iraq) Scopus, ORCID, luayrajab@yahoo.com, 


luay_mohammed@mtu.edu.ig 


Koval, Nikolay S., associate professor of the Tool Engineering and Biomedical Engineering Department, Don 
State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand.Sci. (Eng.), associate professor, 


Researcher ID, ScopusID, ORCID, koval-nc@mail.ru 


Claimed contributorship 

V.A. Lebedev: academic advising; basic concept formulation. N.S. Koval: research objectives and tasks 
setting; computational analysis; text preparation; formulation of conclusions. L.M.R. Al-Obaidi: analysis of the research 
results; the text revision; correction of the conclusions. 


All authors have read and approved the final manuscript. 


Machine building and machine science 


Bs 
\O 


